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OPTIMUM NUMBER, SIZE AND LOCATION OF DAIRY PLANTS 
IN MONTANA 
Rondo A. Christensen* 
INTRODUCTION 
At one time most milk markets were local in nature. The assembly, 
processing, and distribution of milk and the balancing of supplies with 
demand all took place in relatively small geographic areas. Subsequent 
a~vances in technology, economies of size, and competitive forces have 
generally led to fewer but larger more centrally located processing plants, 
and to the balancing of milk suppl ies with demand on a wid~r scale. As a 
result, most milk markets are now statewide if not regional in structure. 
An exception to the general rule, however, can currently be found in 
Montana. Even though fluid milk, cottage cheese, and ice cream markets are 
becoming statewide with some products moving from one part of the state to 
another, the number, size and location of processing plants has changed 
little during the past 20 years. There are still 11 fluid milk processing 
plants, for example, serving a combined population of less than one million 
people. These plants are relatively small in size and are widely scattered 
throughout the state. 
Great distances separate major milk supply areas and population 
centers in many parts of the intermountain west compared with other parts 
of the country, and Montana is no except ion. Mil k and da i ry products are 
often moved several hundred miles to meet market demand and to balance 
supplies with demand among the various markets, making transportation a 
costly function of milk marketing. 
*Professor of Agri cul tura 1 Econom i cs, Department of Econom i cs, Utah Agri -
cultural Experiment Station, Utah State University, Logan, Utah. 
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OBJECTIVES 
This study was made to determine whether under current cost structures 
the Grade A dairy industry in Montana should begin to centralize the 
location of its milk processing and manufacturing facilities to take 
advantage of plant economies of size, or continue with its decentralized 
organizational structure to minimize assembly and distribution 
costs. A second objective was to determine how potential increases in 
energy costs during the next several decades might impact on the economic 
incentive to centralize versus decentralize dairy processing and 
manufacturing facilities, given existing plant economies of size, 
transportation costs, and the dispersion of the population and milk 
suppl ies in Montana. 
Preliminary results of this study were included in a paper presented 
at the annual meeting of the Montana Dairymen's Association in Great Falls, 
Montana on November 15, 1984. Thi s report is based on updated cost 
functions and more detailed analyses. 
PROCEDURE 
The Grade A dairy industry in Montana was conceptualized as a set of 
raw product or product i on centers, a set of process i ng and manufacturi ng 
plants at various locations, and a set of finished product or consumption 
centers. 
Counties were used as production and consumption centers, and for 
comparative purposes, were grouped into three major geographic areas of the 
state - east, central, and west (see Figure 1). 
The study is based on average monthly production and utilization of 
Grade A milk produced by Montana producers and sold to Montana processors 
during 1983 as reported by the Milk Control Bureau, Montana Department of 
2 
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Figure 1. Milk Production and Marketing Study Areas, Montana. 
Commerce. Total consumption of fluid-milk and cream, cottage cheese and 
ice cream was based on the amount of producer mi 1 k used in each Cl ass of 
milk, converted to pounds of final product using U. S. Department of 
Agriculture conversion factors, weights, and measures (see U.S. Department 
of Agriculture, 1979). Total' consumption of fluid milk and cream, cottage 
cheese and ice cream was allocated to counties based on population. Total 
milk production and consumption of dairy products in Montana is expected to 
be about the same during 1986 as 1983. 
The study included all of the Grade A milk distributors operating in 
Montana during 1983 and regulated by the Montana Milk Control Bureau. One 
of the Grade A distributors operated a manufacturing plant in Hamilton. In 
addition to the Grade A distributors, a manufacturing milk plant was 
included in Gallatin Gateway to facilitate the analyses and to more fully 
represent the role manufacturing plants play in helping to "balance" Grade 
A milk supplies. 
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The volume of product handled by each Grade A plant was estimated from 
utilization reports of the Montana Milk Control Bureau. To facilitate the 
analyses it was assumed that the manufacturing plant in Gallatin Gateway 
used all of the Grade A milk not used by Grade A plants, although in actual 
practice excess Grade A milk is diverted to several manufacturing plants in 
and out of the state. 
Plant and truck costs were based on 1985 cost levels as reported in a 
study of dairy operations in the intermountain west (Christensen). Unit 
transportation costs per mile were constant with respect to the amount of 
milk shipped. Distances from production areas to plants, from plant to 
plant, and from plants to consumption centers were first calculated in 
terms of air miles, then increased to compensate for physical barriers and 
the fact that most roads follow a grid pattern rather than direct from one 
point to another. East-west movement was increased 20 percent, and north-
south movement was increased 10 percent. Plant costs included economies of 
scale. As size of plant increased, fixed and variable costs per unit 
riecreased. 
Assembly of milk included the cost of moving all of the Grade A 
pro d u c e r mil k fro mac e n t r alp 0 i n tin e a c h co u n t y tot he p 1 ant w h e r_e the 
milk was processed or manufactured. 
The cost of assembling milk from individual farms to a central point 
in each county was not included. Processing and manufacturing costs 
included the cost of processing and manufacturing all products, including 
fluid milk and cream, cottage cheese, ice cream, cheese, butter, and 
powdered milk. Distribution costs included costs of distributing fluid 
milk and cream, cottage cheese and ice cream from plants to consumption 
centers, or central points in each county in the study area. Distribution 
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costs did not include the wholesale costs of moving finished products from 
consumption centers to individual retail stores, nor retail home delivery. 
Linear programming transshipment and plant location models based on 
current and alternative plant structures and cost functions were run 
iteratively in an heuristic manner, using the MINOS algorithm to perform 
the analyses (see Figure 2 and Novakovic and Pratt). MINOS is a computer 
program designed to minimize a linear or nonlinear function subject to 
1 inear constraints (see Murtagh and Saunders). Minimizing the total cost 
of assembly, processing and distribution of Grade A milk produced in 
Montana and sold to Montana distributors was the objective function and 
primary focus of this study. No effort was made to · maximize the profit of 
individual processors. 
I I I Interplant I I I I I 
I I I fat I I Processi..n1 I I I 
Suwly I Assembly I Processi..n1 I transfer I Processi..n1 I costs am I ProcessinJ I Distributiall DistributiCX1 
areas I cost arcs I plants I cost arcs I plants I capacities I plants I cost arcs I centers 
(56) I (952) I (17) I (289) I (17) I (17) I (17) I (952) I (56) 
RC 2 
FSl 
Cap. _ 21 
Figure 2. Illustration of NetWorking Incorporated in the Transhipment Model 
Used in the Study. 
The following constraints were used in the analyses. All producer 
milk had to be used and all demand for dairy products had to be met. First 
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priority for use of milk went to meeting consumption requirements for fluid 
milk and cream, then cottage cheese, and then ice cream. Producer milk 
remaining after meeting these needs was available for manufacturing 
cheese, butter and powdered milk. Excess fat in milk used by fluid milk and 
cream and cottage manufacturing pl ants was allowed to be transferred to 
other plants. A two percent shrink was included in moving producer milk 
from supply areas to plants. A constraint was included in the model to 
limit the movement of producer milk to a maximum of 1,000 miles. This had 
little if any effect on results reflecting the movement of milk, but served 
to limit the size of the computer model. 
To estimate current (1983) assembly, processing, and distribution 
costs for use as a basis for comparison, the model was first run with 
minimum and maximum volume constraints for each product set to each plant's 
av~rage monthly operating volume during 1983. __ Jhe results indicated what 
total costs would be if all plants operated at their current volume, 
assembl ed mi 1 k from the closest ava i 1 abl e supply areas, and di stri buted 
fin ish e d pro d u c t s to th.e... c 1 Q S est a v ail a b 1 e con sum p t ion c e n t .. - : ~ . ;fi :.r ' 
obvi ousl y understates current costs to some extent, since there is some 
overlapping a~ong plant supply and distribution~routes. 
The model was then run iteratively until the least cost number, size 
and location of plants was determined, using current as well as increased 
energy costs. 
SUPPLY AND DEMAND FOR MILK AND MILK PRODUCTS 
Milk Supply and Production Areas 
The average monthly supply of Grade A producer milk in Montana in 1983 
was 26.65 mill ion pounds (Table 1). Producer milk had an average butterfat 
content of 3.58 percent and a computed average solids-not-fat test of 8.60 
6 
percent, based on the normal re1 ationship between fat and sol ids-not-·fat 
(see the footnotes to Table I). Milk supply amounted to 2.10 million 
pounds in the eastern area of the state, 6.10 mi 11 i on pounds in the 
central, and 18.45 million pounds, or 69 percent, in the west. The supply 
area included all 56 counties of the state (see Appendix Table 1 for milk 
supply by individual county). 
Table 1. Average Monthly Supply of Producer Milk, Montana, 1983. 
Mi 1 k, Average Average 
million BF * SNF Area pounds test test# 
East 2.10 3.58 8.60 
Central 6.10 3.58 8.60 
West 18.45 3.58 8.60 
-_ .. 
Total 26.65 3.58 8.60 
* Lacking specific data by county or area, the state average fat test was 
used throughout the state. 
#SoTfds-not-fat in milk were estimated using the following formula: 
SNF per hundredweight of milk = 7.3325 + 0.3541(BF) 
Source: Based on -Reports by the Montana Milk Control Bureau. 
Milk Demand and Consumption Areas 
Average monthly demand for fluid milk and cream amounted to 17.62 
million pounds in Montana in 1983 (Table 2). Fluid milk and cream products 
had an average butterfat test of 2.68 percent. The associated solids-not-
fat test was est i mated to be 8.30 percent. 
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Table 2. Average Monthly Demand For F1Vid Milk and Cream, Cottage Cheese 
and Ice Cream, Montana, 1983. 
Fluid milk & cream Cottage cheese Ice cream 
Mi 1 Avg Avg Mi 1 Avg Avg Mi 1 Avg Avg 
Area 1 bs BF SNF 1 bs BF SNF 1 bs BF SNF 
East 1.80 2.68 8.30 0.09 0.97 20.29 0.15 10.0 11.21 
Central 5.02 2.68 8.30 0.25 0.97 20.29 0.37 10.0 11.21 
West 10.80 2.68 8.30 0.53 0.97 20.29 0.80 10.0 11.21 
Total 17.62 2.68 8.30 0.87 0.97 20.29 1.30 10.0 11.21 
* Lacking specific data by county or area, the state average fat and solids-
not-fat tests were used throughout the state. 
Source: Based on reports by the Montana Milk Control Bureau. 
Demand for cottage cheese averaged 0_87 million pounds per month. 
Cottage cheese included an estimated 0.97 percent fat and 20.29 percent 
solids-not-fat. 
The demand for ice cream amounted to 1.30 mill i on pounds per month. 
The average content of ice cream was est i mated to i nc1 ude ra.o'er percent fat 
and 11.21 percent sol ids-not-fat. 
Demand for all products by area of the state was as follows: East 10 
percent, central 29 percent, and west 61 percent (see Appendix Table 2 for 
estimates of demand by county). 
Number and Location of Milk Plants 
Thirteen plants were included in the study - the 12 plants operated by 
Montana Grade A distributors plus one additional manufacturing plant. By 
area of the state, 1 operated in the east, 4 in the central area, and 8 in 
the west. Of the 13 plants, 11 processed fluid milk, 2 were major 
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processors of cottage cheese, 2 were major processors of ice cream, and 2 
manufactured cheese and/or butter and powdered milk (Table 3) (see Appendix 
Tabl e 3 for products handled by plant). 
Table 3. Number and Location of Dairy Plants Included in the Study, by 
Area and Type of Plant, Montana, 1983. 
Fluid milk Cottage 
Area and cream cheese Ice cream Cheese Total 
East 1 0 0 0 1 
Central 4 0 0 0 4 
West 6 2 0 * 2 8 
Total * 11 2 2 2 13 
* Two fluid milk plants also made cottage cheese or ice cream. For this 
reason individual columns do not add to the total column. 
Source: Based on Reports by the Montana Milk Control Bureau, and estimates 
by dairy industry leaders in Montana. 
COST FUNCTIONS 
Plant operating costs were based on recent cost studles maae by 
universities and the U. S. Department of Agriculture. No analyses were 
made of Montana plants. It is assumed that the current plant technologies, 
costs and economies of size that exist throughout the U. S. are available 
and apply to Montana. The analyses are long run in nature and do not 
necessarily apply in the short run to the operation of specific plants. 
Fluid Milk, Cottage Cheese, and Ice Cream Plants 
Fluid milk and cream processing costs were based on an analysis of 
costs conducted by the University of Minnesota in 1977 (see Fischer 1979). 
The study used an economic-engineering approach, a typical product mix, and 
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three model plants - small, medium and large. The results were 
characterized by economies of size. 
Individual fixed and variable costs for each of the three model plants 
in the Minnesota study were updated to January 1985 using appropriate 
Bureau of Labor Statistics price indexes (see U.S. Department of Labor). 
Least squares analyses were then used to estimate fixed and variable cost 
for fluid milk plants for 1985. A long run average cost curve, with costs 
at their 1985 levels, was developed from these data for the fluid milk and 
cream plants used in the study (see Figure 3). From these data fixed and 
vari ab 1 e cost funct ions were est i mated for ei ght ranges of plant volume. 
Additional variable cost functions were developed with energy costs 
increased by 100, 200, and 300 percent, respectively, over their 1985 
levels (See Appendix Table 4). 
~ 7 ~! --------------------------------------------~ 
.c I i i J\ I 
c \ I ~ \ I 
ill \ I :- \,,-. 
~ 5 r "'_~ 
o 
-0 
ill 
Q') 
1'0 
s-
ill 
"'-----
~ 3 ~--~----~--~-----L----~--~-----L----L---~ 
2 4 6 8 10 12 14 16 
Plant volume, millions of pounds per month 
Figure 3. Long Run Average Cost Curve, Fluid Milk Plants, Intermountain 
Area, 1985. 
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The cottage cheese and ice cream processing costs used in the st.udy 
were based on average costs obtained from a plant operating in the 
intermountain area. Using these data, and assuming a long run average cost 
curve with a slope similar to the one used for fluid milk plants, and 
assuming that fixed costs as a percent of total costs were the same for all 
sizes of plants, fixed and variable cost functions were developed for seven 
different sizes of cottage cheese and ice cream plants. These cost 
functions are shown in Figures 4 and 5 and Appendix Table 5. The 
. . 
alternative cost functions in Appendix Table 5 include costs at their 1985 
levels, and at increased levels of energy costs. 
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Area, 1985. 
Manufacturing Plants 
Manufacturing costs were based on a cost study of various sized 
manufacturing plants conducted by the u.s. Farmer Cooperative Service in 
1981 and 1982 (see U.S. Department of Agriculture 1983). Fixed and 
variable costs were updated to January 1985 using Bureau of Labor 
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Statistics price indexes. -Linear regression analyses were used to develop 
long run fixed and variable cost functions, from which linear-cost segments 
were derived for seven plant volume ranges. Lacking sufficient information 
to determine otherwise, it was assumed that fixed costs as a percent of 
total costs were the same for all plant sizes. 
The cost functions developed from these data are shown in Figure 6 and 
Appendix Table 6. The alternative cost functions in Appendix Table 6 
include costs at their 1985 levels and with increased energy costs. 
Milk Assembly and Distribution 
Separate cost functions were used in calculating the cost of hauling 
milk from supply areas to plants, transferring butterfat from plant to 
plant, and distributing final products from plants to consumption centers. 
They are shown in Appendix Table 7. These cost functions were based on 
operating reports and estimates for 1985 by milk handlers with extensive 
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Area, 1985. 
trucki,ng operations in the intermountain area. The alternative cost 
functions in Appendix Table 7 include costs at their 1985 levels, and with 
increased energy costs. 
ANALYSIS OF DA1-A 
The cost functions developed above were used in five different models 
to estimate the cost of assembling, processing and distributing milk and 
dairy products in Montana. These models were based, respectively, on the 
following market and cost structures: (1) the current number, size and 
location of plants with current co s t s, (2) the optimum number, size and 
location of plants with current co s t s, (3) the optimum number, size and 
location of plants with transportation and processing energy costs 
increased 100 percent, (4) the opt i mum number, size and 1 ocat i on of plants 
with energy costs increased 200 percent, and (5) the optimum number, size 
and location of plants with energy costs increased 300 percent. In all 
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five scenarios, the supply of producer milk and its source were held 
constant, as was the demand for f1 ui d mi 1 k and cream, cottage cheese and 
ice cream. Producer mil k not needed for these products was diverted to 
manufacturing cheese, butter, and powdered milk. 
The optimum solutions referred to above were solutions to respective 
sets of processing and transportation cost functions, given the product 
availability and demand that minimized total assembly, processing and 
distribution costs. There is a possibility that other combinations of 
processing plant sizes and locations could yield the same optimum 
solutions. The likelihood of arriving at optimal solutions significantly 
different than those shown below is small, however. Over 50 different 
combinations of plant numbers, sizes and locations were tested in arriving 
at the optimum solutions presented. 
Although numbers were assigned to individual plants to facilitate the 
analyses and presentation of the study results, the optimum solutions were 
only sensitive to plant location and size, not plant number. In other 
words, if there. were two small-sized fluid milk plants operating in a C . ~J~" 
and the optimum number was one larger plant, the model would not specify 
which plant should remain in operation, except to the extent that one of 
the plants minimized total assembly and distribution costs compared with 
the other because of its geographic location. The optimal solutions do not 
take into account factors such as impact on compet it i on, market i ng orders 
and their rules and provisions, plant ownership, plant age, etc. 
Optimum Number, Size, and Location of Plants 
Fluid Milk and Cream Plants 
There were 11 fluid milk processing plants operating throughout Montana 
in 1983, or during what is referred to as the current period (Table 4). 
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The plants were widely dispersed and were located in Glendive, Havre, Great 
Falls, Helena, Billings, Bozeman, Butte, Kalispell, and Missoula. Most 
were small in terms of the amount of milk they processed compared with 
fluid milk plants in the intermountain area and the ' u.s. 
Table 4. Number, Size and Location of Fluid Milk and Cream Plants, Under 
Current and Optimum Marketing Systems, With Alternative Levels of 
Energy Costs, Montana.* 
Current location 
of plants 
Optimum plant size with: 
Increase in energy costs 
Plant Area City 
Current 
p~anH 
slze 
1985 
costs 100% 200% 300% 
Million pounds of product per month 
1 East Glendive 0.60 I.BO 1.83 1.83 1.91 
2 East Havre 1.18 
3 Central Great Falls 2.18 
4 Central Helena 0.52 
5 Central Bi 11 i ngs 2.83 5.02 4.99 4.99 4.91 
6 Central Billings 1.30 
7 West Bozeman 4.10 
8 West Butte 1.08 
9 West Kalispell 0.71 
10 West Kalispell 0.B2 
11 West Missoula 2.30 10.BO 10.80 10.80 10. BO' 
Total .. 17.62 17.62 1].62 17.62 17.62 
* Based on average monthly supply and use of milk in 19B3, and costs in 
1985. 
Under the opt i mal sol ut i on wi th current energy costs, there waul d be 
fewer but larger fluid milk plants. The total number would decrease from 
11 to 3 (Figures 7 and B). There would be one plant in Glendive, one in 
Billings, and one in Missoula. This would include one plant in each of the 
three areas of the state - east, central, and west. 
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Figure 7. Fluid Milk Plants, Number and Location, 11 Plants, Montana, 1983. 
r 
.. ~ u. 
Figure 8. Fluid Milk Plants, Optimum Number and Location, 3 Plants, Montana. 
16 
Even though one extra large fluid milk processing plant could handle 
the requirements of the entire state for fluid milk and cream, the optimum 
solution shows that total assemble, processing and distribution costs would 
be minimized if there were three. 
One fluid milk plant would still be required in the eastern part of 
the state in Glendive. While this plant would increase in size from 0.6 to 
1.8 mill i on pounds of product per month, it woul d cont i nue to be a fa i rl y 
small plant because of the limited population in that part of the state. 
Because of the distance separating the eastern part of the state from the 
more populous central and western areas, it would be more efficient to 
continue serving the eastern part of the state with a small plant in 
Glendive than to transport milk in from the areas to the west. 
Under the optimal solution, one of the two plants in Billings would 
increase in size_to 5.0 million pounds of product per month. This medium 
sized plant would serve the central portion of the state. While a larger 
plant would be more efficient, a larger plant cannot be justified in the 
central area of the state, given the population and demand in that area. 
Under the optimal solution, the plant in Missoula would increase in 
size from 2.3 to 10.8 million pounds of product per month. This 
would be the largest and most efficient plant in the state. It would serve 
the major population centers in the western area. 
Under the optimal solution where total industry costs are minimized, 
there would be little if any overlapping of distribution areas. Each plant 
would handle the adjacent market. Optimum marketing areas for fluid milk 
are shown in Figure 8. 
Increasing energy costs 100, 200 and 300 percent would have little 
affect on the optimum number, size and location of plants. The main affect 
would be to increase total costs. 
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Cottage Cheese, Ice Cream, and Manufacturing Plants 
The study included 2 currently operating small cottage cheese plants, 
two ice cream plants, and two manufacturing plants (Table 5). 
Table 5. Number, Size and Location of Cottage Cheese, Ice Cream, and 
Manufacturing Plants Under Current and Optimum Marketing Systems, 
With Alternative Levels of Energy Costs, Montana. 
Plant 
Current location 
of plants 
Area City 
Current 
plant 
size 
1985 
costs 
Optimum pl~nt size with: 
Increase in energy costs 
100% 200% 300% 
Million pounds of product per month 
Cottage Cheese 
1 
2 
Central 
West 
Ice Cream 
1 
2 
Central 
Central 
Bozeman 
Missoula 
0.62 
0.25 
Great Falls 0.24 
Bozeman 1.06 
Cheese-Butter-Powder 
1 Central 
2 West 
Gallatin 
Gateway 
Hamilton 
0.36 
0.54 
0.87 0.87 0.87 0.87 
1.30 1.30 1.30 1.30 
0.90 0.90 0.90 0.90 
* Based on average monthly supply and use of milk in 1983, and costs in 
1985. 
Under the optimal solution, there would be only one of each type of 
plant - a cottage cheese plant in Bozeman, an ice cream plant in Great 
Falls, and a manufacturing plant (cheese and/or butter-powder) in Gallatin 
Gateway - all in the western area where most of the excess milk supplies 
are (Figures 9 and 10). Achieving economies of size obviously offsets a 
greater number of assembly and distribution miles in making and 
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Figure 9. Cottage Cheese, Ice Cream, and Manufacturing Plants, Number and 
Location, 5 Plants, Montana, 1983. 
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Figure 10. Cottage Cheese, Ice Cream, and Manufacturing Plants: Optimum 
Number and Location, 3 Plants, Montana. 
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distributing cottage cheese and ice cream than fluid milk because of the 
less bulky nature of cottage cheese and ice cream, making them relatively 
less expensive to transport. 
Under the optimum number, size and location of plants there would be 
little if any overlapping of milk supply assembly routes. Each plant would 
tend to receive milk from nearby producers. Optimal supply areas for fluid 
milk, cottage cheese, and ice cream plants are shown in Figure 11 . 
..... ---.------.----------------.--------------r---~--::-.. · .... ·-------·---·------r--·------·----<l:---------OO--00~''0000'1 
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:,: ....... ,.. (Fl ui d Mil k) C., CI'-··-···l:i:::;~_1 1...1'1 Gl endi ve!J I 
""\!!J! L. r· .. ,··.I:I:....... I ( Flu i d Mil k ) 
., ' -, •• 1 I . 
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Figure 11. Optimum Milk Supply Areas: Six Dairy~ Plants, Montana. 
The analyses are based on average monthly supply and use of milk in 
1983. During the "flush" late spring and early summer months, the supply 
of producer milk tends to increase while the combined use of producer milk 
in fluid milk and cream, cottage cheese, and ice cream products remains 
fairly stable. Most of the increase in production during this period is 
diverted to manufacturing cheese, butter, and powdered milk. 
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Total Assembly, Processing, and Distribution Costs 
Total assembly, processing, and distribution costs amounted to 
$1,606,000 per month using the "current" model (Table 6). This included 
$54,000 in assemble costs; $1,303,000 to process fluid milk and cream, 
cottage cheese and ice cream; $175,000 to manufacture cheese, butter, and 
powdered milk; and $74,000 to distribute fluid milk and cream, cottage 
cheese, and ice cream. 
Table 6. Total Assembly, Processing and Distribution Costs for Milk and 
Milk Products, Under Current and Optimum Marketina Systems, With 
Alternative Levels of Energy Costs, Montana, 1985. 
Current Optimum number, size and 
costs and location of plants with: 
number, 
size and Increase in energy costs 
location 1985 
Cost item of plants costs 100% 200% 300% 
--- Combined cost, thousands of dollars ---
Assemble producer milk from 
farms to processing plants 54 61 75 88 101 
Process fluid milk and cream, 
cottage cheese and ice cream 1,303 1,046 1,134 1,224 1,314 
Process cheese, butter, and · 
powdered milk 175 126 143 159 175 
Distribute fluid milk and 
cream, ice cream and cottage 
cheese to consumer centers 74 107 133 159 185 
Total 1,606 1,340 1,485 1,630 1,775 
* Milk supply and use are based on December 1983; costs are based on 1985. 
The current model included milk supplies and use of milk as they 
existed in the market in 1983, with all plants operating at their average 
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monthly volumes, and plant and transportation costs at their 1985 level~. 
The model understates current costs to some extent, because in reality 
individual plants do not necessarily receive milk from the least-cost 
source nor distribute finished products to least-cost marketing areas, as 
though all plants were coordinated and operated by one firm. Instead, 
there is considerable duplication and overlapping in assembly and 
distribution routes. Nevertheless, the total assembly, processing, and 
distribution cost of $1.6 million for all plants serves as a useful base 
from which to measure the impact of alternative combinations of number, 
size and location of plants. 
When number, size and location of plants were optimized to minimize 
costs, total costs decreased from $1,606,000 to $1,340,000, or $266,000 per 
month (Figure 12). This would amount to a savings of 17 percent, or about 
$1.51 per hundredweight of Grade A milk, or~ 13 cents per gallon of fluid 
mi 1 k. 
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:: : :; 
Hilk Marketing Cost Comparisons, Current Versus "Optimal" Market 
Structure, Montana. 
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With fewer but larger plants, total assembly and distribution costs 
would increase $40,000 per month, but combined processing and manufacturing 
costs would decrease $306,000 per month. The greatest red~ction - $257,000 
- would be in processing fluid milk and cream, cottage cheese, and ice 
cream as economies of size were achieved by reducing the number of plants 
and increasing volume per plant. 
If energy costs increased 100 percent, total costs under an optimal 
solution would increase from $1,340,000 to $1,~85,000 per month. With an 
increase of 200 percent in energy costs, total costs would increase to 
$1,630,000, and to $1,775,000 with a 300 percent increase in energy costs. 
A 100 percent increase in energy costs would result in a 10.8 percent 
increase in total assembly, processing, manufacturing and distribution 
costs. The impact of an increase in energy costs would be varied. A 100 
percent increase in energy costs would result _in increases of 23.0 percent 
in assembly costs; 8.4 percent in cost of processing fluid milk and cream, 
cottage cheese, and ice cream; 13.5 percent in cost of manufacturing 
cheese, butter, and powdered milk; and 24.3 percent in the cost of distri-
buting fluid milk and cream, cottage cheese, and ice cream 
SUMMARY AND CONCLUSIONS 
This study shows that under currently available technology, costs and 
plant economies of size, combined milk assembly, processing, manufacturing, 
and distribution costs could be reduced in Montana by operating with fewer 
but larger more centrally located processing and manufacturing facilities. 
Even with increased energy costs, the economies that can be achieved by 
operating with fewer but larger milk plants more than offset additional 
assembly and distribution costs. 
These results demonstrate that the dairy industry in Montana has not 
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yet achieved maximum economies of plant size. The spatial distribution of 
Montana's population and milk supply has a modifying affect on the 
structure of the state's fluid milk industry, but only to the extent that 
serving its sparse population would require three plants instead of one. 
One would have to look elsewhere to explain why there currently are 11 
rather than 3 fluid milk plants, 2 cottage cheese plants instead of 1, and 
2 ice cream plants instead of 1. The reasons would likely include the 
impact of ownership and operation of dairy plants in the state by a number 
of di fferent i ndi vidual s and organ i zat ions, and the pri ci ng, pool i ng, and 
regulatory provisions of the Montana Milk Control Bureau. The latter 
includes pooling on an individual plant rather than on a market-wide basis, 
and setting minimum prices for milk at the producer, wholesale, and retail 
1 eve 1 s. Min i mum who 1 esa 1 e pri ces have not included volume discounts nor 
discounts for limited services until recently. These pricing and pooling 
provisions have undoubtedly reduced market competition and helped to 
maintain the "status quo" as far as number and size of plants is concerned. 
While it is not recommended that the number of fluid milk plants in 
Montana be reduced from 11 to 3, and the number of cottage cheese and ice 
cream plants be reduced from 2 to 1, the results of this study indicate 
t hat i f g i ve nan 0 p p 0 r tun i t y tow 0 r k, com pet i frve for c e s wit h i nth e 
industry can be expected to push toward centralization of processing 
fac i 1 it i es as they have in other mil k markets. To rema in compet it i ve and 
to achieve the greatest efficiencies possible, firms building new plants 
should give careful consideration to size and location, and wherever 
possible through joint ownership or contractual arrangements with other 
milk marketing firms, take full advantage of existing plant economies of 
size. In the long run, both mi 1 k producers and consumers can be expected 
to share in the benefits of these cost savings. 
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Appendix Table 1. Estimated Average Monthly Supply of Grade A Produ~er 
Mil k, by County, Montana, 1983. 
1,000 BF SNF Longi- Lati; 
Area County pounds test test tude tude 
1 Carter 106.3 3.58 8.60 104.50 45.50 
1 Custer 550.0 3.58 8.60 105.50 46.30 
1 Daniels 52.7 3.58 8.60 105.45 48.83 
1 Dawson 229.9 3.58 8.60 104.85 47.20 
1 Fallon 78.1 3.58 8.60 104.40 46.35 
1 McCone 67.2 3.58 8.60 105.70 47.70 
1 Powder River 128.1 3.58 8.60 105.60 45.45 
1 Prairie 81.8 3.58 8.60 105.30 46.80 
1 Richland 408.8 3.58 8.60 104.50 47.80 
1 Roosevelt 99.0 3.58 8.60 105.00 48.43 
1 Sheridan 71.8 3.58 8.60 104.50 48.70 
1 Valley 100.8 3.58 8.60 106.60 48.40 
1 Wibaux 129.9 3.58 8.60 104.20 47.00 
2 Big Horn 86.3 3.58 8.60 107.40 45.24 
2 Blaine 184.4 3.58 8.60 108.90 48.45 
2 Carbon 647.7 3.58 8.60 109.00 45.25 
2 Chouteau 93.6 3.58 8.60 110.30 47.90 
2 Fergus 591.4 3.58 8.60 109.15 47.25 
2 Garfield 82.7 3.58 8.60 107.00 47.30 
2 Golder Valley 24.6 3.58 8.60 109.15 46.40 
2 Hill 210.8 3.58 8.60 110.15 48 .. 65 
2 Judith Basin 209.0 3.58 8.60 110.20 41.05 
2 Meagher 128.1 3.58 8.60 110.90 46.60 
2 Musselshell 68.1 3.58 8.60 108.30 46.50 
2 Park 369.7 3.58 8.60 110.50 45.50 
2 Petroleum 36.3 ~ ,.. ~a:· . t3.60 108.20 47.10 
2 Phillips 177.1 3.58 8.60 107.80 48.25 
2 Rosebud 191.7 3.58 8.60 106.50 46.30 
2 Stillwater 395.2 3.58 8.60 109.30 45.65 
2 Sweet Grass 142.6 . 3.58 8.60 109.90 45.90 
2 Treasure 18.2 3.58 8.60 107.20 46.20 
2 Wheatland 240.7 3.58 8.60 109.80 46.45 
2 Yellowstone 2200.2 3.58 8.60 108.20 45.95 
3 Beaverhead 66.3 3.58 8.60 113.00 45.20 
3 Broadwater 37.2 3.58 8.60 111.45 46.35 
3 Cascade 1208.2 3.58 8.60 111.30 47.30 
3 Deer Lodge 21.8 3.58 8.60 113.00 46.10 
3 Flathead 1507.1 3.58 8.60 114.00 48.35 
3 Gallatin 6158.2 3.58 8.60 111.50 45.70 
3 Glacier 104.4 3.58 8.60 112.95 48.70 
3 Granite 32.7 3.58 8.60 113.40 46.45 
3 Jefferson 302.5 3.58 8.60 112.10 46.20 
3 Lake 3082.2 3.58 8.60 114.10 47.70 
3 Lewis 674.1 3.58 8.60 112.30 47.15 
3 Liberty 44.6 3.58 8.60 111.00 48.50 
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Appendix Table 1. Continued. 
1,000 BF SNF Lon»i - Lati* 
Area County pounds test test tude tude 
3 Lincoln 125.3 3.58 8.60 115.40 48.50 
3 Madison 188.1 3.58 8.60 111.85 45.30 
3 Mineral 26.6 3.58 8.60 114.95 47.15 
3 Missoula 431.5 3.58 8.60 113.90 47.00 
3 Pondera 517.8 3.58 8.60 112.15 48.28 
3 Powell 248.0 3.58 8.60 112.90 46.90 
3 Ravalli 2592.6 3.58 8.60 114.10 46.10 
3 Sanders· 99.0 3.58 8.60 115.10 47.20 
3 Silver Bow 162.8 .- 3.58 8.60 112.60 45.90 
3 Teton 635.9 3.58 8.60 . 112.10 47.85 
3 Toole 183.5 3.58 8.60 111.70 48.65 
* At approximately the geographic center of each county. 
Source: Reports by the Montana Milk Control Bureau, and milk production by 
county as reported by USDA. 
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-AppendIx Table 2. Estl.ated Average Monthly Demand for FluId MIlk and Cream, Cotfage 
Area County 
Carter 
Custer 
Daniels 
Dawson 
Fa lion 
McCone 
Powder RIver 
Pra Irle 
RIchland 
Roosevelt 
SherIdan 
Va Iley 
WIbaux 
2 Big Horn 
2 Blaine 
2 Carbon 
2 Chouteau 
2 Fergus 
2 Garfield 
2 Gol den Va Iley 
2 HI II 
2 J ud I th Ba sIn 
2 Meagher 
2 Musse I she II 
2 Park 
2 Petroleum 
2 PhIllips 
2 Rosebud 
2 StIllwater 
2 Sweet Grass 
2 Treasure 
2 Wheatland 
2 Yellowstone 
3 Beaverhead 
3 Broadwater 
3 Cascade 
3 Deer Lodge 
3 Flathead 
3 GallatIn 
3 Glacier 
3 GranIte 
Cheese, and Ice Cream, by County, Montana, 1983. 
FluId mIlk & cream 
1,000 Sf SNF 
Ibs. test test 
40.3 2.68 8.3 
293.6 2.68 8.3 
63.5 2.68 8.3 
264.4 2.68 8.3 
84.3 2.68 8.3 
60.5 2.68 8.3 
56.4 2.68 8.3 
41.1 2.68 8.3 
274.2 2.68 8.3 
Cottage cheese 
1,000 
Ibs. 
BF SNF 
rest rest 
Ice cream 
1,000 
Ibs. 
SF 
rest 
SNF 
test 
2.0 0.97 20.29 3.0 10.0 11.21 
14.5 0.97 20.29 21.7 10.0 11.21 
3.2 0.97 20.29 4.7 10.0 11.21 
13.1 0.97 20.29 19.5 10.0 11.21 
4.2 0.97 20.29 6.2 le.O 11.21 
3.0 0.97 20.29 4.5 10.0 11.21 
2.8 0.97 20.29 4.2 10.0 11.21 
2.0 0.97 20.29 3.0 10.0 11.21 
13.6 0.97 20.29 20.3 10.0 11.21 
234.4 2.68 8.3 11.6 0.97 20.29 17.3 10.0 11.21 
121.2 2.68 8.3 6.0 0.97 20.29 9.0 10.0 11.21 
229.5 2.68 8.3 11.4 0.97 20.29 17.0 10.0 11.21 
33.1 2.68 8.3 
248.5 2.68 8.3 
156.7 2.68 8.3 
181.4 2.68 8.3 
136.4 2.68 8.3 
292.8 2.68 8.3 
37.1 2.68 8.3 
23.0 2.68 8.3 
402.7 2.68 8.3 
59.2 2.68 8.3 
48.2 2.68 8.3 
99.1 2.68 8.3 
283.5 2.68 8.3 
14.7 2.68 8.3 
120.2 2.68 8.3 
221.7 2.68 8.3 
125.4 2.68 8.3 
72.0 2.68 8.3 
22.0 2.68 8.3 
52.8 2.68 8.3 
2425.4 2.68 8.3 
183.3 2.68 8.3 
73.2 2.68 8.3 
1807.0 2.68 8.3 
280.3 2.68 8.3 
1163.7 2.68 8.3 
1.6 0.97 20.29 
12.3 0.97 20.29 
7.8 0.97 20.29 
9.0 0.97 20.29 
6.8 0.97 20.29 
14.5 0.97 20.29 
1.8 0.97 20.29 
1.1 0.97 20.29 
20.0 0.97 20.29 
2.9 0.97 20.29 
2.4 0.97 20.29 
4.9 0.97 20.29 
14.0 0.97 20.29 
.7 0.97 20.29 
6.0 0.97 
11.0 0.97 
6.2 0.97 
3.6 0.97 
1.1 0.97 
2.6 0.97 
120.2 0.97 
9.1 0.97 
3.6 0.97 
20.29 
20.29 
20.29 
20.29 
20.29 
20.29 
20.29 
20.29 
20.29 
89.5 0.97 20.29 
13.9 0.97 20.29 
57.7 0.97 20.29 
2.4 10.0 11.21 
18.4 10.0 11.21 
11.6 10.0 11.21 
13.4 10.0 11.21 
10.1 10.0 11.21 
21.6 10.0 11.21 
2.7 10.0 11.21 
1.7 10.0 11.21 
29.8 10.0 11.21 
4.4 10.0 11.21 
3.6 10.0 11.21 
7.3 10.0 11.21 
21.0 
1 .1 
8.9 
16.4 
9.3 
5.3 
1.6 
3.9 
179.2 
13.6 
5.4 
133.5 
20.7 
86.0 
10.0 11.~ 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
10.0 11.21 
959.9 2.68 8.3 47.6 0.97 20.29 
238.0 2.68 8.3 11.8 0.97 20.29 
70.9 10.0 11.21 
17.6 10.0 11.21 
4.5 10.0 11.21 60.5 2.68 8.3 3.0 0.97 20.29 
29 
* LocatIon 
Longl- LatI-
tude tude 
104.50 45.50 
105.50 46.30 
105.45 48.83 
104.85 47.20 
104.40 46.35 
105.70 47.70 
105.60 45.45 
105.30 46.80 
104.50 47.80 
105.00 48.43 
104.50 48.70 
106.60 48.40 
104.20 47.00 
107.40 45.24 
108.90 48.45 
109.00 45.25 
11 O. 30 47.90 
109.15 47.25 
107.00 47.30 
109.15 46.40 
110.15 48.65 
110. 20 47.05 
11 0.90 46.60 
108.30 46.50 
11O ~ 50 45.50 
lUb.ZO 47.10 
107.80 48.25 
106.50 46.30 
109.30 45.65. 
109.90 45.90 
107.20 46.20 
109.80 46.45 
108.20 45.95 
113.00 45.20 
111.45 46.35 
111.30 47.30 
113.00 46.10 
114.00 48.35 
111.50 45.70 
112.95 48.70 
113.40 46.45 
Appendtx Table 2. Conttnued. 
* FluId mIlk & cream Cottage cheese Ice cream LOClltton 
.,000 SF SNF 1,000 SF SNF 1,000 Sf SNF Longt- Latt-
Area County Ibs. "test "test Ibs. "test test Ibs. "test test tude tude 
3 Jefferson 157.4 2.68 8.3 7.8 0.97 20.29 11.6 10.0 11.21 112.10 46.20 
3 Lake 426.7 2.68 8.3 21.1 0.97 20.29 31.5 10.0 11.21 114.10 47.70 
3 Lewts & Clark 963.8 2.68 8.3 47.8 0.97 20.29 71.2 10.0 11.21 112.30 47.15 
3 Ltberty 52.2 2.68 8.3 2.6 0.97 20.29 3.9 10.0 11.21 111.00 48.50 
3 Uncoln 397.5 2.68 8.3 19.7 0.97 20.29 29.4 10.0 11.21 115.40 48.50 
3 Madtson 122.0 2.68 8.3 6.0 0.97 20.29 9.0 10.0 11.21 111.85 45.30 
3 Mtnera I 82.3 2.68 8.3 4.2 0.97 20.29 6.1 10.0 11.21 114.95 47.15 
3 Mt ssou la 1702.2 2.68 8.3 84.3 0.97 20.29 125.8 10.0 11.21 113.90 47.00 
3 Pondera 150.7 2.68 8.3 7.5 0.97 20.29 11.1 10.0 11.21 112.15 48.28 
3 Powell 155.8 2.68 8.3 7.7 0.97 20.29 11.5 10.0 11.21 112.90 46.90 
3 Rzlvallf 503.7 2.68 8.3 25.0 0.97 20.29 37.2 10.0 11.21 114.10 46.10 
3 Sanders 194.2 2.68 8.3 9.6 0.97 20.29 14.4 10.0 11.21 115.10 47.20 
3 St Iver Bow 853.0 2.68 8.3 42.3 0.97 20.29 . 63.0 10.0 11.21 112.60 45.90 
3 Teton 145.4 2.68 8.3 7.2 0.97 20.29 10.7 10.0 11.21 112.10 47.85 
3 Toole 124.5 2.68 8.3 6.2 0.97 20.29 9.2 10.0 11.21 111.70 48.65 
* At approxtmately the geographIc center of each county. 
Source: Reports by the Montana Mtlk Control Bureau, and Converston 
Factors and We I ghts and Measures, Statf stt ca I Bullettn No. 616, 
ESCS, USDA. 
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Appendix Table 3. location and Products Processed by Dairy Plants Included 
in the Study, Montana, 1983. 
Fluid location 
milk Cheese, 
and Cottage Ice butter, Longi- Lati-
Plant City cream cheese cream powder tude tude 
1 Billings Yes 108.50 45.86 
2 Billings Yes 108.50 45.86 
3 Bozeman Yes Yes Yes 111.03 45.67 
4 Butte Yes 112.53 46.00 
5 Gallatin Gateway Yes 111.14 45.63 
6 Glendive Yes 104.68 47.11 
7 Great Falls Yes Yes 111.30 47.56 
8 Hamilton Yes 114.14 46.25 
9 Havre Yes 109.66 48.56 
10 Helena Yes 112.03 46.59 
11 Kalispell Yes 114.31 48.32 
12 Kalispell Yes 114.31 48.32 
13 Missoula Yes Yes 113.97 46.85 
Source: Reports by the Montana Mflk Control Bureau, a~d estimates by 
dairy industry leaders in Montana. 
Appendix Table 4. Estimated Fluid Milk and Cream Processing Costs per 
Hundredweight of Product Produced, by Plant Volume and 
Level of Energy Costs, Intermountain Area, 1985 . 
...... -".. -.,-
Variable costs per hundredweight 
Plant volume, Energy 
million pounds as a % of Total Increase in energy costs 
of product variable fixed 1985 
per month costs costs costs 100% 200% 300% 
Less than 1.0 9.4 $9,393 $4.6441 $5.0806 $5.5172 $5.9537 
1.0 - 1.9 9.2 18,548 4.2351 4.6247 5.0144 5.4040 
2.0 - 2.9 9.0 25,450 4.0574 4.4226 4.7877 5.1529 
3.0 - 3.9 8.8 31,347 3.9444 4.2915 4.6386 4.9857 
4.0 - 4.9 8.6 36,626 3.8621 4.1942 4.5264 4.8585 
5.0 9.9 8.0 47,150 3.7617 4.0626 4.3636 4.6645 
10.0 - 14.9 7.0 68,074 3.5757 3.8260 4.0763 4.3266 
15.0 - 20.0 6.0 88,998 3.3896 3.5930 3.7964 3.9997 
Source: Derived from Fluid Milk Processing and Distribution Costs, 
Station Bulletin 530, 1979, University of Minnesota. 
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Appendix Table 5. Cottage Cheese and Ice Cream Processing Costs per 
Hundredweight of Product Produced, by Pl ant Volume and 
Level of Energy Costs, Intermountain Area, 1985. 
Plant volume, 
million pounds 
of product 
per month 
Cottage Cheese 
Less than 0.30 
0.30 - 0.59 
0.60 - 0.89 
0.90 - 1.19 
1.20 - 1.49 
1.50 - 2.99 
3.00 - 4.49 
Ice Cream 
. Less than 0.20 
0.20 - 0.39 
0.40 - 0.59 
0.60 - 0.79 
0.80 - 0.99 
1.00 - 1.99 
2.00 - 2.99 
Energy 
as a % of 
variable 
costs 
15.55 
15.55 
15.55 
15.55 
15.55 
15.55 
15.55 
30.16 
30.16 
30.16 
30.16 
30.16 
30.16 
30.16 
Total, 
fixed 
costs 
$14,467 
24,942 
32,130 
37,964 
43,001 
55,156 
71,572 
14,814 
25,735 
33,270 
39,401 
44,707 
57,140 
75,304 
Variable costs per hundredweight 
1985 
costs 
Increase in energy costs 
100% 200% 300% 
$25.9009 $29.9285 $33.9561 $37.9837 
14.8845 17.1990 19.5136 21.8281 
11.5046 13.2936 15.0825 16.8715 
9.7093 11.2191 12.8289 14.2387 
8.5537 9.8838 11.2139 12.5440 
5.3661 6.2005 7.0350 7.8694 
4.1773 4.8268 5.4763 6.1258 
22.7301 29.5855 36.4409 43.2963 
13.1613 17.1307 21.1002 34.2615 
10.2084 13.2873 16.3661 19.4450 
8.6354 11.2398 13.8443 16.4487 
7.6207 9.9191 12.2175 14.5159 
5.8417 7.6036 9.3654 11.1273 
4.6218 6.0155 7.4093 8.8030 
--.--~ ............. _... .-............. --- ~-.. 
Source: Based on cost functions in Fluid Milk Processing and Distribution 
Costs, Station Bulletin 530, 1979, University of Minnesota. 
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Appendix Table 6. Manufacturing Costs per Hundredweight of Cheese, Butter 
and Powdered Milk Produced, by Plant Volume and Level of 
Energy Costs, Intermountain Area, 1985. 
Variable costs per hundredweight 
Plant volume, Energy 
million pounds as a % of Total, Increase in energy costs 
of product variable fixed 1985 
per month costs costs costs 100% 200% 300% 
Less than 0.4 17 . 40 15,411 25.0211 29.3748 33.7284 38.0821 
0.4 - 0.7 17.40 25,484 16.1915 18.591220.9910 23.3908 
0.8 - 1.1 17.40 32,198 10.4553 12.2745 14.0937 15.9130 
1.2 - 1.5 17.40 37,560 8.7118 10.2277 11.7435 13.2594 
1.6- 1.9 17.40 42,140 7.6020 8.924710.2475 11.5702 
2.0 - 3.9 17.40 53,235 5.7622 6.7647 7.7672 8.7697 
4.0 - 5.9 17.40 67,275 4.3692 5.1294 5.8895 6.6497 
Source: Deri ved from Da i ry Product Manufacturi ng Costs at Cooperat i ve 
Plants, Research Report Number 34, Agricultural Cooperative 
Servi ce, U.S. Department of Agri cul ture. 
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Appendix Table 7. Truck Operating Costs per Loaded Mile Traveled, by Type 
of Hau 1 and Leve 1 of Energy Cost s, In termount a in Area, 
1985. 
Type of haul 
Raw milk trom farms 
to plants 
Butterfat from plant 
to plant 
Final product from 
plants to ~onsump­
tion areas 
Energy 
as a % of 
variable 
costs 
22.09 
22.09 
24.27 
Average cost per mile per cwt. 
1985 
costs 
Increase in energy costs 
100% 200% 300% 
$.00355 $.00433 $.00512 $.00590 
.009593 .01171 .01383 .01595 
.00515 .00640 .00765 .00890 
* Based on a tractor plus a trailer with a 50,000 pound capacity, and a 
payload averaging between 48,000 and 49,000 pounds. Cost per one-way 
loaded mile was $1.72. Fuel in 1985 was priced at $1.00 per gallon-. Fuel 
consumption was based on 5.3 miles per gallon. 
#Based on a tractor plus a 40 foot reefer with a 40,000 pound average 
payload. Cost per one-way loaded mile = $2.06. Fuel in 1985 was priced 
at $1.00 per gallon. Fuel consumption was based on 4 miles per gallon. 
-Reports and 'est i mates by mi 1 k handl ers operat i ng in the i nter-
mounta in area. 
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